Objective: To determine the quantifiable difference in pubic symphysis diastasis when comparing computed tomography (CT) and pelvic radiographs in individuals with anterior pelvic ring injuries.
INTRODUCTION
Advanced Trauma Life Support protocol traditionally mandates pelvic radiography in trauma patients as part of the initial assessment. 1 The purpose is to rapidly detect the magnitude of a pelvic ring injury, if any, as early as possible during the initial resuscitation period. This allows for immediate temporizing measures and provides valuable information in determining definitive management for pelvic ring injuries. With the advent of readily accessible and rapid computed tomography (CT), many institutions delay or eliminate the initial anteroposterior (AP) pelvis radiograph. Emergency medicine and trauma surgery literature have questioned the value of initial pelvic x-rays suggesting that the AP pelvis x-rays are often "unnecessary," and recommend "re-evaluating" the current practice of mandatory pelvic radiographs. [2] [3] [4] Pelvic Ring injury classification systems like the Young-Burgess classification are based on the evaluation of a static AP radiograph. 5 The true magnitude of traumatic pelvic instability, however, can vary significantly when comparing initial static pelvic radiographs to dynamic intraoperative stress fluoroscopy. 6, 7 Yet often, the indications for anterior pelvic ring reduction and fixation are based initially on the careful scrutiny of available imaging-both CT and plain radiographic data. During the acute management of a patient with an unstable pelvic ring injury, an initial AP pelvis radiograph is often obtained before placement of a pelvic binder, and can provide invaluable information about the magnitude of injury. Obtaining CT offers vital information; however, extrinsic factors such as the confining shape of the CT gantry, the patient position within the scanner, and the presence of a circumferential binder may lead to an underestimate of the true degree of pelvic ring injury. Relying solely on CT and using the CT scout view as a surrogate for a true AP pelvic radiograph may mislead the surgeon when determining the subsequent steps for treatment. Our purpose was to compare the 2 most common radiographic modalities on initial assessment of pelvic injuries in the acute setting (CT vs. x-ray) and determine whether a statistically significant quantifiable difference exists between these imaging modalities regarding symphyseal diastasis. Our purpose was to compare the magnitude of the symphysis dislocation as measured on plain radiograph and on CT in patients where no external immobilization was used to determine whether the physical constraints of the CT scanner led to a partial reduction of the diastasis of the symphysis pubis.
PATIENTS AND METHODS
Institutional review board approval was obtained before the start of this investigation. Between January 2002 and December 2013, 163 patients who underwent open reduction and internal fixation of an anterior pelvic ring injury (CPT code 27,217) were reviewed. All patients with pubic symphysis diastasis were included if both an AP pelvic radiograph and CT were performed without a pelvic binder, antishock sheeting, or traction and imaging was adequate for required measurements. The absence of a binder or sheet on both plain radiographs and CT imaging was determined by review of the medical record and subsequently confirmed by modifying the contrast of the digital imaging and verifying the lack of any constrictive devices surrounding the softtissues of the patient's pelvis. Each patient's age, sex, weight, and mechanism of injury was recorded. Also documented for each individual was whether the pelvic radiograph occurred before or after the CT and the timing of each.
Using the digital radiograph database [Picture archiving and communication system (PACS)], the magnitude of pubic diastasis was measured on the initial AP pelvic radiograph, the scout CT abdomen/pelvis, and the axial cuts of the CT abdomen/pelvis. All measurements were recorded in millimeters. The symphyseal diastasis was measured using a standardized approach between multiple observers. On both the AP radiograph and CT scout view, the distance was measured from the most superior aspect of the pubic symphysis on each side. The same anatomic location (superior aspect of the symphysis) was also measured on the CT axial scan using the most cranial CT cut in which both sides of the symphysis were present. Measurement was then performed from the posterior aspect of each respective side of the symphysis. Additionally, the diameter to the femoral head was measured on both the AP pelvic radiograph and CT Scout-measurements used to compare and account for magnification difference between the 2 forms of imaging. Measurements were performed by 3 separate individuals: a fellowship-trained orthopedic traumatologist, a senior level orthopedic resident, and a junior level orthopedic resident. The orthopedic traumatologist who reviewed each CT classified the morphology of each injury using both the Young and Burgess Classification system and the OTA classification. 5, 8, 9 To provide clinical context, a second orthopedic traumatologist, not involved in the measurement process, was asked to independently evaluate both the AP pelvic radiograph and the CT images in all individuals with greater than 5 mm difference in measurement (after correction for magnification). Blinding this individual to the operative intervention performed, the observer gave a predicted treatment for each respective imaging modality based on the magnitude of the anterior ring injury and the degree of perceived instability of each sacroiliac joint. These "predicted" treatments were later compared with the actual definitive surgery that was performed.
Statistical analysis was performed comparing means and standard deviations from each of the 3 different subsets of imaging (AP pelvis radiograph, CT scout, and CT axial) using the t test. The null hypothesis was that no difference would be identified in the magnitude of the diastasis between studies. Intraclass correlation coefficient was then used to determine interobserver and intraobserver reliability.
RESULTS
A total of 163 patients were included in the initial analysis of which 72 patients met the inclusion criteria. Ninetyone patients were excluded for varying reasons including inadequate imaging (37), a pelvic binder in place for one or both of imaging studies (26), having a ramus fracture without symphyseal disruption (23), locked pubic symphysis (4), or surgery performed due to pelvic malunion (1).
The average age of those included in the study was 42.5 years with total of 60 men and 12 women. The most common mechanisms of injury were motor vehicle accident (52.8%), pedestrian struck (23.1%), or fall from height (20.8%). Classifying the injuries according to the Young and Burgess system revealed that most injuries were anterior-posterior compression (APC) injury. The OTA classification system demonstrated 20 patients with a unilateral type B injury, 22 patients with a unilateral type C injury, and 30 with bilateral posterior injury (type B and/or type C) (Fig. 1) . Forty-seven of the patients (65.2%) had the pelvic x-ray performed before the CT examination, whereas in 25 patients (34.7%), the CT was the initial pelvic imaging.
The magnitude of symphyseal diastasis ranged from 6.4 to 83.0 mm (mean, 26.3 mm) on pelvic radiographs compared with 3.0-57.3 mm (mean, 19.7 mm) and 4.2-62.9 mm (mean, 19.3 mm) on CT scout and CT axial cuts, respectively. Ninetyseven percent (70/72) of patients had a reduction of their symphysis diastasis in the CT scanner with an average reduction of 6.6 mm (SD, 6.0, Range, 22.6 to 35.5 mm, P , 0.001). Controlling for magnification showed that the CT images were, on average, 89% (Range, 87%-93%, SD, 0.025) the size of the plain radiographs. The magnitude of the symphysis dislocation, when controlling for magnification, showed that 10.3% of patients reduced greater than 10 mm when placed in the CT scanner. 30.5% reduced 5-10 mm, and 59.2% of patients reduced ,5 mm (Table 1) . Patient factors such as age, weight, sex, and whether the radiographs were obtained before or after the CT did not significantly alter the degree of reduction between the 2 imaging studies. Additionally, there was no statistically significant difference found between the CT axial and the CT scout measurements (P = 0.690).
When comparing the morphology of pelvic injury, APC injuries, lateral compression (LC3) injuries, and combined mechanisms, all showed statistically significant reductions when comparing CT to pelvic radiographs (Fig. 2) . No statistical difference was found when comparing one morphology to another. A total of 23 patients had concomitant anterior ring pathology (ie, rami fracture, acetabular fracture) in addition to the symphyseal diastasis. These individuals reduced to a lesser amount through the symphysis compared with individuals without additional anterior ring injuries (4.3 vs. 7.3 mm, P , 0.05).
A total of 30 individuals were found to have a reduction of greater than 5 mm in the magnitude of their symphysis dislocation when measured on CT versus AP pelvis radiographs. Each imaging study was individually reviewed by an orthopedic traumatologist who "predicted" required operative treatment on the basis of the CT and the plain radiograph alone. In 20 cases, both the AP pelvic radiograph and the CT predicted the same operative management. In 8 of the 30 patients, however, the AP pelvis radiograph without binder correctly predicted, whereas the CT scan underestimated, the magnitude of instability identified during the operative treatment. In the remaining 2 patients, the operative plan was correctly predicted on CT. In one case, the radiograph underestimated the degree of instability identified intraoperatively but in the other case, the radiograph was read as having more instability than was actually identified.
A total of 14 patients (19.2%) had a reduction from greater than 25 mm (range, 25.7-50.0 mm) to less than 25 mm (range, 14.5 to 24.9 mm). As 25 mm is a traditionally reported indication for operative intervention, this subgroup was termed "clinically significant reductions" (Fig. 3) . Within this subgroup, the pubic symphysis reduction ranged from 1.2 to 35.5 cm with an average reduction of 10.3 mm (SD, 8.1 ). Using the Young and Burgess classification, 11 of these were classified as an APC injury, 1 LC3 injury, 1 vertical shear (VS) injury, and 1 combined mechanism.
Measurements of radiographs, CT scout, and CT axial cuts showed excellent intraobserver reliability (average correlation coefficient, 0.990) and interobserver reliability (average correlation coefficient, 0.987), demonstrating reliable and reproducible measurement.
DISCUSSION
"Open-book" pelvic fractures are caused by external rotational forces on a single or both hemipelvis, resulting in injuries to the pubic symphysis and the posterior pelvic ring. As described by Young and Burgess, these injuries are deemed AP compression injuries. 5 This classification system is predicated on the quantifiable displacement of the pubic symphysis, and the sacroiliac joint, on pelvic imaging. The magnitude of disruption is typically used by the orthopedic surgeon in the acute setting to determine appropriate initial and definitive management.
Ninety-seven percent of the patients in our study group demonstrated some reduction while obtaining CT, and greater than 50% showed a reduction over 5 mm. We postulate that there are multiple extrinsic factors that contribute to this finding. When a patient is placed into the CT scanner, the posterior aspect of the pelvis is in contact with the concave gantry and the legs positioned centrally. Additionally, the patient is secured to the gantry table with a strap so they can be safely placed in the scanner. These factors all contribute to reduction of the pelvic ring within the CT scanner, often resulting in an underrepresentation of true severity of injury. Fracture classification (OTA and Young/Burgess), patient weight, and the temporal order in which the imaging was obtained did not have any effect on symphyseal reduction. The only morphologic characteristic which played a role was the presence of concomitant anterior pelvic ring injuries. Those that did not have associated bony anterior pelvic injuries reduced almost 60% more on average when compared with those with an injury in addition to symphyseal diastasis. This is not unexpected, as those with rami fractures are more likely to move through both the fracture site itself and the pubic symphysis dislocation. Even within this subgroup, however, a statistically significant reduction of the symphysis occurred.
When evaluating pelvic ring injuries, operative reduction and stabilization are determined by a variety of factors including the degree of symphyseal disruption, sacroiliac joint asymmetry, amount of internal/external rotation of each respective hemipelvis, and the presence or absence of cranial/ caudal displacement. 10, 11 Our study showed that pelvic radiographs play an important role in assessment and decision making for internal fixation. This was particularly apparent in our population subgroup that had greater than 5 mm of symphyseal reduction between CT and radiographs as in 27% (8/30) initial pelvic radiographs accurately predicted the eventual operative plan, whereas the CT alone underestimated the true magnitude of instability and the need for operative stabilization.
Biomechanical cadaveric studies tested the effects of ligamentous disruption on symphysis widening, revealing that widening beyond 2.5 cm not only indicates anterior pelvic ring disruption but also disruption to some degree of the posterior ligamentous structures. This degree of widening signifies sacrotuberous, sacrospinous, and anterior sacroiliac ligament damage and resultant rotational instability of the hemipelvis in the axial plane. 12 Although much controversy exists, 13 this 2.5 cm of diastasis has traditionally been used as a guide to aid surgeons in determining nonoperative versus operative treatment of anterior pelvic ring injuries. The need for a dynamic evaluation of pelvic injuries has been demonstrated by multiple studies 6, 7 but determining which injuries need further examination under anesthesia or require surgical fixation remains a challenge. Our results demonstrate that 2 different static images at separate time points can reveal a differing amount of symphyseal widening. Within our study population, approximately 1 in 6 individuals met the operative indication of 2.5 cm of symphysis diastasis on radiographs but could have been considered nonoperative if reviewing CT data alone. This subgroup emphasizes how pelvic radiographs can assist in determining management of these injuries. 14 FIGURE 2. Measurement of pubic symphysis diastasis on Pelvic radiograph (A), CT scout (B), and CT axial (C).
Although CT has a valuable role in the initial workup of the trauma patient, in our study the AP pelvis radiograph provided information that could not be discerned from CT alone. This is in sharp contrast to the recent trend in the trauma surgery and emergency medicine literature diminishing the role of pelvic radiographs. Many have gone as far as to devise modified Advanced Trauma Life Support algorithms omitting pelvic radiographs in hemodynamically stable patients with an apparent clinically stable pelvis. 3 We advise caution in adopting this approach as we have shown that pelvic radiographs do provide additional valuable information. Although not specifically looked at in this study, our study may support acquiring of binder imaging before definitive treatment to allow the surgeon to more appropriately appreciate the true degree of traumatic pelvic instability.
Our study demonstrated a phenomenon that has not previously been published in the literature. The initial static radiographs and CT obtained in the emergency department setting may be the only information that an orthopedic surgeon has to determine in subsequent definitive treatment of pelvic injuries, particularly in the multiply injured patient in whom history and physical examination may be compromised. This is amplified in many level one trauma centers where orthopedic residents are relaying information to their attending over the phone and the orthopedic traumatologist must base decisions off these static images alone. Although traditional treatment algorithms and operative indications for acute pelvic injury remains a controversial subject, the pelvic radiograph is an important tool in helping to determine the true extent of pelvic instability.
This study is not without its weaknesses. We did not use a validated protocol for measurement of symphyseal diastasis as none existed in the literature. Although the techniques were not validated in previous studies, the results of our measurements were reproducible by each observer and between observers of varying clinical experience. Also by only selecting from the subset of patients who had required anterior pelvic ring fixation, a relatively small number of low-magnitude injuries were included. In addition, because of the retrospective nature of the study, it is impossible to discern the ultimate impact that the pelvis radiographs had on the ultimate management of these pelvic injuries in comparison to CT. Nevertheless, we demonstrated that an orthopedic traumatologist reviewing the AP pelvis radiographs in isolation was more accurately able to determine the true magnitude of pelvic instability than by reviewing the CT alone.
The AP pelvis radiograph is an important part of the workup for trauma patients. Our results demonstrate that some degree of symphysis reduction occurs during the process of a CT. Reliance on CT alone will likely underestimate the true degree of pelvic displacement. Although the CT plays an important role in the initial trauma evaluation and definitive treatment of pelvic injuries, the AP pelvis radiograph provides irreplaceable information as well. We conclude that not obtaining pelvic radiograph without binder or sheeting in the acute setting limits the information on which the medical team can base both short-term and long-term decision making about pelvic ring injuries.
